In order to investigate the load distribution of the spur gear stage, there are two different variants. These two variants differ in terms of the flank shape modifications. These modifications have been ground on different angular segments of one single wheel. For this reason, measurements of these two variants can be taken without having to dis-and reassemble the static test rig.
The flank shape modifications of the two Variants are shown in Table 2 . Both variants are equal in tip relief, root relief and crowning. They differ in terms of the helix angle modifications. The main geometry of the helical gear stage is shown in Table 3 . The flank shape modifications of the helical gear stage are shown in Table 4 . 
Preliminary investigations
Within the scope of a research project, investigations have been made to validate calculated load distributions. The basic idea of measuring the load distribution in the tooth contact in this research project is to detect tangential deformations on the backside of a loaded tooth flank. These tangential deformations are directly linked to the load distribution on the tooth flank (Fig. 3 ).
Fig. 3: Measurement strategy
In order to estimate the scale of the tangential deformations, preliminary investigations have been made using the finite elements method. Fig. 4 shows the used FEM-model of the pinion. The side of the lever mechanism (left side, Fig. 4 ) has been modeled as a fixed support. On the right side, a cylindrical support has been added. The here described investigations have been taken by measuring 20 equidistant measuring points on the backside of the loaded and unloaded tooth flanks. In the following, the tangential deformation of a loaded tooth without the share of the torsional deformation of the shaft is called "tangential tooth deformation uz" (equation (1)). Daffner, Otto and Stahl, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.6 (2017) = ∆ , ,100 − ∆ , ,0 The tangential tooth deformation allows an actual determination of the load distribution in the tooth contact.
Calculation the tangential tooth deformation
The first method to compare measured load distributions to calculated load distributions is to generate tangential tooth deformations out of the calculated load distribution by using the FEM. Therefore, the tangential tooth deformation due to a calculated load distribution has to be determined. Knowing the actual mesh position and the load distribution, the tangential deformations on the backside of a loaded and an unloaded tooth flank can be calculated by using the above mentioned FEM model. Therefore, the radius on which the contact line is located has to be determined. This radius can be determined by the measured angular position of the pinion (mesh position). Regarding the meshing of the FEM-model, it is important to ensure, that there are equidistant nodes on the tooth flank along the contact line at the radius of the measured backside of the unloaded tooth flank and at the radius of the measured backside of the loaded tooth flank. The calculation model is loaded by nodal forces. The forces can be determined from calculated load distributions.
The tangential tooth deformation can be calculated as shown in equation (2). 
Iterative approach to determine the load distribution
The second method to compare measured load distributions to calculated load distributions is to directly generate a load distribution out of the measurement results. Therefore, an iterative calculation approach using the FEM has been developed. The so determined load distributions can be compared to calculated load distributions. This method also requires the determination of the mesh position. The mesh position is uniquely defined by the angular position of the pinion, the working pressure angle and the direction of loading. For the iterative calculations, the above mentioned FEM-model has been used. For each step of the iteration, the nodal forces on the contact line are adjusted.
Step 1: In the first iterative step, the FEM-model has to be loaded by constant nodal forces (Fig. 11 -left chart) . The sum of the nodal forces has to generate the input torque, which has been adjusted before measuring. The calculation results for the tangential tooth deformation for this load state can be compared to the measured tangential tooth deformation (Fig. 11 -right chart) . Step 2 is repeated until a convergence criterion is fulfilled. The result of the iterative approach is a load distribution.
Results
The aforementioned two variants of flank shape modifications have been measured. Both variants contain tip relief, root relief and crowning. They differ in terms of the helix angle modification (SK0 and SK200). In order to validate the calculation results of the computer program RIKOR (Neubauer, B. and Weinberger, U., 2016) , measurement results and calculation results for these two variants are compared to each other in the chapter below. Therefore, the tangential tooth deformation and the load distributions have been determined.
Flank shape modification SK0
The tangential deformations for the variant SK0 have been measured at a diameter of 57.706 mm. Due to the actual mesh position, the contact line has been located at a diameter of 51.553 mm. The FEM model has included 294 equidistant nodes along the contact line. 
Flank shape modification SK200
The tangential deformations for the variant SK200 have been measured at a diameter of 57.704 mm. Due to the actual mesh position, the contact line has been located at a diameter of 51.389 mm. The FEM model has included 300 equidistant nodes along the contact line. Daffner, Otto and Stahl, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.6 (2017) 7. Discussion of the results 7.1 Chart tangential tooth deformation Daffner, Otto and Stahl, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.6 (2017) uncertainties. The here developed method of measuring the load distribution of spur gear stages allows a verified statement about the load distribution of spur gear stages in lab conditions.
For this purpose, deformation measurements of a test gearbox have been taken by using a bridge-type 3D coordinate measuring machine. The test gearbox is static and includes two spur gear stages. The input torque is provided by a lever mechanism.
Regarding the mentioned method to measure the load distribution of spur gear stages, the basic idea is, that tangential deformations on the backside of a loaded tooth flank are directly linked to the load distribution on the tooth flank. Deviations due to the manufacturing process can be eliminated by an additional analysis of an unloaded tooth flank. A measuring procedure to detect the aforementioned tangential deformations has been developed.
The measurement results can be compared to calculated load distributions with two methods. The first method is to generate tangential deformations out of the calculated load distribution by using the Finite Element Method (FEM). The second method is to directly generate a load distribution out of the measurement results. Therefore, an iterative calculation approach using the FEM has been developed. Both methods require a determination of the contact point.
This paper shows measurements of two different variants. The two variants differ in terms of flank shape modifications. The next step was to compare the measured load distributions to results of the computer program RIKOR (Neubauer, B. and Weinberger, U., 2016) . The test results showed, that the influence of flank shape modifications on the load distribution is modelled correctly in the computer program RIKOR (Neubauer, B. and Weinberger, U., 2016) .
Using the methods mentioned before, calculated load distributions can be validated. Influence of factors, such as housing stiffness and wheel body geometry can be analyzed and compared to calculation results. Furthermore, a test set up for helical gear stages with small helix angles is conceivable.
